This study investigates the effects of immediate repetition of auditory words on L2 pronunciation improvement of English schwa by Japanese EFL learners. More specifically, the study is concerned with how the amount of input (i.e., five or ten repetitions) and stimuli characteristics (i.e., the position of schwa in a word, word familiarity) influences the repetition effect. The study consists of a study and a test phase: In the study phase, participants listened to and repeated words. In the test phase, they repeated spoken stimuli including previously heard as well as new words, both ten minutes and one week after the study phase. The auditory materials consisted of 32 real words. The duration ratio of schwa to a stressed vowel in a word and the quality of the schwa were acoustically examined. A repetition effect was mainly found in the durational aspect. Repeating the stimuli more than five times did not differentiate the effect. One week after the study phase, the effect persisted only for initial schwa, which is weakly represented in the participants' mental representation. The pedagogical implications for L2 pronunciation teaching from the view of language processing are discussed.
determine the amount of input that should be used and whether or not input characteristics (i.e., word stress patterns and word familiarity) enhance pronunciation.
Literature Review

Auditory Word Repetition
Repetition of auditory words involves the auditory priming effect (Church & Fisher, 1998 ), a subconscious phenomenon in which previously encountered auditory input is processed faster and more accurately than previously unheard input (implicit learning). This implicit learning occurs because the phonetic/phonological information contained in spoken words is encoded and stored in listeners' implicit memory, facilitating subsequent speech processing. Previous studies have revealed that just one instance of hearing of a word can facilitate subsequent speech perception of the word (e.g., Hori & Sugiura, 2013; Sugiura & Hori, 2012; Trofimovich, 2005; Trofimovich, 2008; Trofimovich & Gatbonton, 2006) . Since there is a strong relationship between speech perception and production (Galantucci, Fowler, & Turvey, 2006) in speech acquisition, increased repetition of presented auditory words can raise learners' sensitivity to phonetic/phonological information in L2 auditory input, and this greater sensitivity is expected to promote pronunciation accuracy as well. In addition, the repetition effect lasts from several minutes to days or even weeks (Church & Schacter, 1994; Goldinger 1996) , and this characteristic seems to play a role in the constant development of speech processing (McDonough & Trofimovich 2009, p. 24) .
To examine the immediate repetition effect on L2 pronunciation learning, the present study employed the psycholinguistic experimental paradigm of auditory priming. This type of experiment consists of study and test phases: In the study phase, participants encode novel phonetic and phonological information, and in the test phase, they are asked to retrieve learned information (Trofimovich & Gatbonton, 2006) . In this experiment, participants are expected to pronounce words more accurately if they have been exposed to them before (here, through immediate repetition). To the author's knowledge, no previous studies have employed the framework of auditory priming experiment to investigate the role of repetitive practice in improving L2 pronunciation.
pronounce schwa with inadequate shortening, reflecting their L1 with a mora-timed rhythm in which each syllable is roughly of equal length (Sugiura, 2006) .
Regarding vowel quality, in addition to the fact that Japanese speakers are likely to be insensitive to the phonetic feature of quality, as mentioned earlier, Japanese does not possess a mid-central vowel that is equivalent to the English schwa; therefore, it is plausible that Japanese learners of English are inclined to mispronounce the English schwa sound in peripheral areas in the acoustic vowel space, reflecting their L1 vowels (e.g., Lee et al., 2006; Sugiura, 2006) .
Current Study
Of particular interest was the efficiency with which learners take in and integrate a target feature from language input during the repetition of auditory words and how they utilize the information to accurately pronounce the target sound. To facilitate learners' intake and integration of L2 input, two types of manipulation in auditory input were considered in the present study: the amount of input (i.e., five or 10 repetitions) and stimuli characteristics, or quality (i.e., the position of schwa in the word and word familiarity), that influence the repetition effect.
Regarding the amount of input, only minimal research on L2 shadowing has discussed the number of repetitions required for maximum improvement of target sound pronunciation, particularly related to pitch range (see Hori, 2008; Miyake, 2009b) . To provide specific suggestions for target sound acquisition and learning, research should be expanded to include other phonetic features of segmental sounds and prosody. The number of repetitions was selected based on previous findings that Japanese learners of English attained maximum improvement in their pronunciation at the fifth (Hori, 2008) and tenth (Miyake, 2009b) instances out of 15 repetitions.
With respect to the position of schwa in a word (word stress pattern), a previous study showed that the acquisition of schwa is more problematic for intermediate Japanese learners of English in the initial syllable of a word (i.e., words with a weak-strong stress pattern, such as in agenda and possess), rather than in the final syllable of a word (i.e., words with a strong-weak stress pattern, such as in medium and basket) (Sugiura, 2006) . It has remained unclear whether or not the weakness can be overcome by pronunciation training.
Word familiarity, which is an indicator of how often a person hears or sees a target word (Yokokawa, 2009) , also potentially influences the improvement of L2 pronunciation. If learners can obtain a repetition effect with low-familiarity words, then it is hypothesized that they are able to genuinely learn from phonetic/phonological information (Murao & Sasaki, 2008) .
Another topic of interest is the extent of the effect of auditory word repetition on pronunciation improvement. Research on L1 phonological processing indicates that repeated exposure to auditory input creates a long-lasting effect (days or weeks) (Church & Schacter, 1994; Goldinger, 1996) ; however, less attention has been focused on this issue in relation to L2 pronunciation improvement. If a long-term effect on auditory information indeed occurs, this phenomenon will contribute to the understanding of the mechanisms that govern L2 phonological acquisition and learning.
The present study focused on the production of the English schwa sound by Japanese learners of English and investigated whether Japanese learners can improve their pronunciation through the immediate repetition of auditory words considering the persistence of the effect in particular. Specifically, it aimed to determine how much input (i.e., how many repetitions) and whether and how input characteristics (i.e., word stress patterns, word familiarity) influence improvement. This study was guided by two primary research questions:
(1) Do Japanese learners of English improve their duration ratios of schwa to a stressed vowel (duration ratio) as well as the quality of schwa through auditory word repetition? If so, how do the differences in the number of repetitions (five vs. ten), the position of schwa within the word (initial vs. final syllable), and word familiarity (high vs. low) influence schwa pronunciation improvement in terms of duration ratio and vowel quality? (2) Does the effect of repetitive practice with auditory words continue for one week?
Method
Participants
Twelve Japanese learners of English (nine females and three males), aged 19-21, participated in this study. All were native speakers of Japanese and were non-English-major students enrolled in their second English semester course at a university in Japan. Their English level was low intermediate, ranging from TOEIC 400 to 550 (i.e., CEFR level A2). They were paid to participate in this study. To provide a norm for the study, two male native English speakers, both instructors of English as a foreign language at Japanese universities, participated in the present study. One is from Boston, U.S.A., and the other is from Hawaii, U.S.A.
Materials
Thirty-two words of either two or three syllables were selected from a list of 3,000 high-frequency words in the British National Corpus (2007) (Table 1) , based on word familiarity for Japanese learners of English and schwa position within the word. To determine word familiarity, the present study used a word familiarity list that was created based on word familiarity judgments for 3,000 words by a large number of Japanese EFL students with various proficiency levels (auditory version; Yokokawa, 2009). The rating scale ranges from 1 (lowest familiarity) to 7 (highest). Regarding the position of schwa, previous studies have shown that the phonetic realization of schwa differs between initial and final syllables (Flemming & Johnson, 2007; Wallace, 1994) . Therefore, the words were divided into two sets based on schwa position, with both low-and highfamiliarity words in each set. The difference between high and low word familiarity was confirmed by Kruskal-Wallis tests for the initial-and final-schwa word sets (for initial schwa, high and low familiarity ratings were on average 6.0 and 2.8, respectively, p < .005; for final schwa, the ratings were on average 6.3 and 2.8, respectively, p < .01). In addition, words including schwa spellings <a>, <u>, <o>, and <ou> were used. Spellings with <e> and <i> were excluded because those schwas tend to exhibit different phonetic qualities (Flemming & Johnson, 2007) .
All the words were read using the text-to-speech software Natural Reader 10.0 (2011) and recorded with the audio-processing software Audacity 1.3.12 (Mazzoni & Dannenberg, 2010 ) with a sampling rate of 44kHz. The same U.S.-accented female voice was used throughout. The words were then used to construct four study-test list pairs, with each pair containing a 16-word study list and a 32-word test list (i.e., all the words). Table 2 shows the phonetic characteristics of the auditory word stimuli produced by the text-to-speech software. 
Experimental Paradigm and Procedures
The experiment consisted of study and test phases, as described above. During the study phase, participants listened to and repeated auditory words (eight words five times, and another eight words 10 times; 120 repetitions in total) individually presented at five-second intervals using SuperLab 4.0 (Cedrus Corporation, 2006) . The words were randomized in both phases for each participant in order to minimize unwanted order effects. To ensure that all the participants concentrated on all stimuli in the study phase, they were asked to indicate on an accompanying form whether the auditorily presented words included a /t/ sound. After the study phase, the participants performed simple calculations for about ten minutes to clear their short-term memory and to create an interval between the study and test phases of the experiment. The test phase consisted of Test 1 (ten minutes after the study phase) and Test 2 (one week after the study phase). For the test phase, the participants repeated spoken stimuli as quickly as possible (Onishi, Chambers, & Fisher, 2002) , including those already presented in the study phase as well as new words. Productions from the test phase were recorded using Audacity 1.3.12 (Mazzoni & Dannenberg, 2010 ) with a sampling rate of 44 kHz. Note here that both the study and test phases were preceded by three practice trials. In addition, to avoid strategic learning, participants were not told that the test phase would include words from the study phase. All sessions were conducted in a quiet room. The study and Test 1 sessions lasted approximately thirty minutes. Test 2 continued for ten minutes. To obtain the norm, two native English speakers were asked to repeat 36 auditory word stimuli. The native speakers' pronunciation was recorded using Audacity 1.3.12 (Mazzoni & Dannenbeg, 2010 ) with a sampling rate of 44 kHz.
Analysis
Only words that were repeated correctly by the participants were used for the auditory measurements. For example, the production of words that differed from the target words (e.g., alarm → alone, convey → today, special → station), incorrect words (e.g., enormous → endromas*, condemn → condent*, capacity → compacity*), and the words with incorrect stress placement in Tests 1 and 2, 13% and 11%, respectively, were excluded from the analysis. The repetition effect was acoustically examined, using spectrograms created with the speech analysis software WaveSurfer 1. 8.5 (2011) . As a guide to identify schwas in the productions by the participants, the analysis of schwa was conducted in reference to the example acoustic data of the English schwa from previous studies: A duration ratio of schwa to a stressed vowel is 0.47 in a non-final syllable, while it is 0.63 in a final syllable (Wallace, 1994) , and the quality of schwas occurring in the first or middle positions of a word has an F1 of 449 Hz and an F2 of 1922 Hz, while word-final schwas are 539 Hz for F1 and 1797 Hz for F2 (Flemming & Johnson, 2007) . These F1 and F2 values of schwa vowels were obtained from female speakers. It should be noted that, to avoid gender effects on the acoustic properties due to the vocal tract lengths of the participants, all formant values in the productions of the participants, including both Japanese and English speakers, were normalized to one female participant. To do so, first, the average third formant frequency (henceforth, F3) in the female speaker of /ɛ/ in lesson, special, correct, agenda and attend was calculated. Second, the mean F3 of this speaker was used as the norm and was divided by the mean F3 for each participant. Finally, the F1 and F2 for each participant were multiplied by the factor obtained from their own F3 (see Lee et al., 2006) .
Regarding the judgment of whether the participants can benefit from the repetition effect, if the duration ratio in repeated words becomes significantly smaller than that in unrepeated words and also approaches native ratios, it can be assumed that a repetitive practice effect is obtained because Japanese learners of English tend to inaccurately produce high duration ratios (closer to 1.0) due to the transfer from Japanese mora-timed rhythm, in which each mora is of approximately equal length (e.g., Sugiura, 2006) . As for vowel quality, if the F1 becomes significantly lower and F2 becomes higher in repeated words than those in unrepeated words, moving towards native norms, it can be said that a repetitive practice effect was obtained because relatively higher F1 and lower F2 values of schwa are expected from non-proficient Japanese participants, corresponding to articulatory targets closer to Japanese full vowels (e.g., Akita, 2001; Kondo, 2000; Sugiura, 2006; Tomita et al., 2010) .
Statistical analyses for the present study were separately conducted for each position of schwa (initial schwa and final schwa in a word) for both duration ratio and the quality of schwa because their acoustic characteristics are intrinsically different.
Results and Discussion
Duration Ratio
Initial schwa (weak-strong syllables) Table 3 and Figure 1 illustrate descriptive statistics for the duration ratio in Tests 1 and 2 (ten minutes and one week after the study phase, respectively). In order to examine whether the initial schwa produced by participants improved through repetition, and whether the repetition effect lasted, the duration ratio data was submitted to a three-way analysis of variance (ANOVA), performed using SPSS, with Repetition (unrepeated, repeated five times, repeated ten times), Familiarity (high, low) and Interval (ten minutes, one week) as factors. The analysis yielded a significant main effect only for Repetition, F (2, 354)= 5.029, p < .05, η = .028. A further analysis revealed that the duration ratios derived during both the five and ten repetition trials were significantly smaller than the duration ratios obtained in the unrepeated condition, p < .05, d = .038 (a small-sized effect) and p < .05, d = .036 (a small-sized effect), but no significant difference was found between the duration ratios obtained in the five and ten repetition conditions. No significant main effects were found for Familiarity, F (1, 355)= 0.392, p = .532, η These results suggest that the repetitions were effective, but increasing the number of repetitions to ten does not differentiate the effect on pronunciation of initial schwa. In addition, word familiarity did not seem to influence the repetition effect on pronunciation. Moreover, the significant difference in duration ratios between the repeated and unrepeated conditions, and the absence of a significant difference in duration values between Test 1 (ten minutes) and Test 2 (one week) indicate that the practice effect obtained ten minutes after the repetition-based study phase remained unchanged for one week. That is, the repetitive effect lasted one week in this particular phonological aspect. Mean duration ratios for initial schwas in Test 1 (ten minutes) and Test 2 (one week). As the factor of word familiarity did not affect the repetition effect, it is not indicated in this graph.
Final schwa (strong-weak syllables) Table 4 and Figure 2 show descriptive statistics for the duration ratio of final schwa in Tests 1 and 2 (ten minutes and one week after the study phase, respectively). To investigate whether the final schwa produced by the participants improved as a result of the repetition task and whether the effect continued for one week, the data on the duration ratio of final schwa were treated in the same manner as in the statistical analysis for initial schwa. The analysis yielded a significant effect of Repetition, F (2, 251) = 10.615, p < .001, η 2 p = .081. A post-hoc test revealed that the duration ratios in the five-and ten-repetition conditions in Test 1 were significantly smaller than in the unrepeated condition, p < .05, d = 0.96 (a large-sized effect) and p < .001, d = 0.97 (a large-sized effect). Therefore, there was an improvement in pronunciation immediately after practice. There were no significant effects of Familiarity, F (1, 252) These results show that, again, word familiarity did not seem to influence the repetition effect on the improvement of final schwa. As for the persistent effect of repetition, for both five and ten repetitions in the study phase, the duration ratios in Test 2 (one week) were significantly larger than those in Test 1 (ten minutes), p < .05, d = 0.55 (a medium-sized effect) for five repetitions, and p < .05, d = 0.80 (a large-sized effect) for ten repetitions. That is, the repetition effect did not last one week for the final schwa. 
Discussion on the Duration Ratio
Number of repetitions
The results of this study indicate that no difference in the repetition effect was found between the five and ten repetition conditions either in the initial or final schwa sound; the participants required at least five spoken repetitions of words to improve their pronunciation of schwa in conditions in which the repetition effect was observed (all conditions, except for the final schwa in Test 2). This finding implies that more than five
The Journal of Asia TEFL Vol.13, No.3, Fall 2016, 221-240 repetitions would not have positively influenced the acquisition of the target sound or the persistence of the repetition effect. As mentioned, previous studies also demonstrated that the performance of Japanese learners of English reaches a maximum improvement at around the fifth (Hori, 2008) or tenth (Miyake, 2009b) instances out of 15 repetitions. Thus, it seems unlikely that the number of repetitions correlates with the degree of prosodic improvement in L2 pronunciation (pitch range or duration ratio of schwa to a stressed vowel). This non-correlation may be attributed to extra-linguistic factors, such as attentional or motivational constraints.
Position of schwa and the persistence of the repetition effect
The results of the present study showed that the repetition effect continued for one week for the initial schwa, while a long-lasting effect was not obtained for the final schwa. This contrasting effect could have been due to differences in the frequency of the stress patterns of the target words. The final schwa (a strongweak stress pattern) should be much more common than the initial schwa (weak-strong) among L2 speakers considering the input frequency: 90% of the content words in a corpus of over 20,000 English words followed a strong-weak stress pattern (Cutler & Carter, 1987) . Thus, it can be assumed that the initial schwa (weakstrong stress) is more weakly represented in participants' mental representations. According to formal theories of learning (e.g., Rescorla & Wagner, 1972) , increased learning practice has a significant impact on less familiar linguistic material. Several earlier studies on structural priming have supported this theory (e.g., Hartsuiker & Westenberg, 2000; Luka & Barsalou, 2005; Luka & Choi, 2012; Reitter, Keller, & Moore, 2011; Scheepers, 2003) . In particular, Luka and Choi's (2012) study on the persistent effect of structural priming indicated that for a novel structure (i.e., less familiar linguistic material), the effect continued for one week. Although these structural priming studies did not focus on learners' sensitivity to auditory information in general or on word stress patterns in particular, their findings serve as useful scaffolds in understanding the present results, given that both syntactic and stress patterns are characterized by structural systems (i.e., regular and exceptional patterns).
Generalization to novel words
Interestingly, the numerical data showed that a repetition effect did not occur in Test 1 (ten minutes), but it did occur in Test 2 (one week) for novel words (i.e., unrepeated words) with low familiarity and an initial schwa, which should be less common for Japanese learners of English in terms of duration. More specifically, the duration ratio in Test 1 was 0.45, but it improved to 0.39 in Test 2 when the duration ratio was 0.37 for a five-time repetition and 0.39 for a ten-time repetition of words. The native norm was 0.4. This might indicate that the effect of learning in the study phase was gradually generalized to unrepeated words over one week.
This finding can be explained by "memory consolidation," a theory that has been extensively discussed in the field of motor skill learning. It traditionally refers to a process in which a memory becomes increasingly stabilized as time passes (McGaugh, 2000) . This suggests that immediately after training, skills are still only weakly consolidated in memory, but after a certain period, the repetitive training effect becomes stable (e.g., Karni, Tanne, Rubenstein, Askenasy, & Sagi, 1994) . Note that this phenomenon is specifically related to procedural memory (i.e., knowledge about how to do things), which requires repetition training (Walker & Stickgold, 2006) . Consolidation has recently been investigated in the context of learning new spoken words (e.g., Davis & Gaskell, 2009; Dumay & Gaskell, 2012; Henderson, Powell, Gaskell, & Norbury, 2014) . Davis and Gaskell's (2009) PET and fMRI study showed that for new words that are learned by listening and repeating (i.e., repetition), it takes some time to achieve a similar lexical status as familiar words because the novel mapping must be integrated with items of existing mapping and with several representations (e.g., semantic, phonological, and morphosyntactic). In the present study, a similar phenomenon was observed in a phonological aspect (i.e., word stress) of words: an accurate phonological representation was generated for untrained words (i.e., new words). That is, the representation of the target sound in trained words became stronger and more solid in itself due to repetition training (Truscott, 2014) . This reinforced representation was gradually combined with a new representation (the target sound in untrained words) (Truscott, 2014) . Because consolidation is an essential part of L2 learning, this finding is worth consideration.
Quality: F1 Values
Initial schwa (weak-strong syllables) Table 5 and Figure 3 illustrate descriptive statistics for the F1 of the initial schwa in Tests 1 (ten minutes after the study phase) and Test 2 (one week after the study phase). The data on the F1 of the initial schwa in Tests 1 and 2 were subjected to a three-way ANOVA, with Repetition (unrepeated, repeated five, repeated ten times), Familiarity (high, low), and Interval (ten minutes, one week) as factors. The analysis yielded no significant main effects of Repetition, F (2, 317) = 0.588, p = .556, η = .001. These findings indicate that no improvement in the F1 value of the initial schwa occurred in Tests 1 and 2, demonstrating that the F1 values of the initial schwa remained higher than the native norm. Thus, immediate repetition (five or ten times) with auditory words did not contribute to pronunciation improvement in terms of vowel quality for initial schwa. 
K. Sugiura
The Journal of Asia TEFL Vol.13, No.3, Fall 2016, 221-240 Final schwa (strong-weak syllables) = .001. These findings reveal that no improvement in the F1 value of the final schwa occurred in Tests 1 and 2, indicating that immediate repetition (five or ten times) with auditory words did not facilitate improvement in final schwa pronunciation. As with the initial schwa, the F1 values of the final schwa produced by the Japanese participants tended to be higher than the native norm. (254) 640 (173) 672 (154) 633 (142) 5 times 674 (171) 701 (167) 694 (162) 677 (137) 10 times 666 (170) 675 (170) 653 (124) 692 (155) Native speakers 577 (144) 586 (128) 577 (144) 586 ( 
Quality: F2 Values
Initial schwa (weak-strong syllables) Table 7 displays descriptive statistics for the F2 values of initial schwa for Test 1 (ten minutes) and Test 2 (one week). Figure 5 illustrates the values in graph form. The analysis of F2 values of the initial schwa in Tests 1 and 2 was conducted in the same manner as for F1 values. The result yielded a significant main effect
The Journal of Asia TEFL Vol.13, No.3, Fall 2016, 221-240 233 only for Interval, F (1, 318) = 3.959, p < .05, η The main effect of Interval suggests that the mean F2 value of the initial schwa was significantly lower in Test 2 than in Test 1, showing that performance worsened one week after the study phase. Additionally, the absence of a significant difference between the repeated and unrepeated conditions suggests that a repetition effect did not occur. The F2 value of the initial schwa produced by the participants was lower than the native norm. Taken together, these findings indicate that the F2 value of the initial schwa did not improve through repetition. Final schwa (strong-weak syllables) Table 8 shows descriptive statistics for the F2 values of the final schwa in Tests 1 and 2. Figure 6 plots the values. The analysis was identical to that performed for the F2 initial schwa. The analysis yielded significant main effects of Repetition, F (2, 271) = 4.466, p < .05, η A post-hoc test showed significant differences in the F2 value of the final schwa only between the no-repetition and five-repetition conditions, p < .05, d = 0.40 (a small-sized effect). The findings on the main effect of Repetition suggest that the overall F2 values of the final schwa under five repetitions were significantly higher than those under no repetition, and close to the native norm. The absence of a significant effect of Interval suggests that no difference occurred between the ten-minute and one-week intervals. These results indicate that the repetition effect that occurred in Test 1 (ten minutes) lasted for one week under the five-repetition condition in terms of the F2 values of the final schwa. (302) 1765 (303) 1611 (304) 5 times 1894 (342) 1759 (257) 1796 (367) 1803 (368) 10 times 1800 (233) 1822 (437) 1759 (341) 1660 (280) Native speakers 1807 (201) 1909 (286) 1807 (201) 1909 ( 
Discussion on Schwa Quality
Overall findings
In terms of the quality aspect of schwa, overall repetition effects were not observed (except for F2 of final schwa). In general, the participants' F1 was relatively higher than the native norm, and their F2 was lower than the norm. These were characteristic of articulatory targets closer to the Japanese low vowel /a/ or /o/, as previously stated. These findings suggest that because schwa is spelled as <a>, <o>, and <ou> in the word stimuli, the participants may have pronounced it by reflecting the one-to-one grapheme-phoneme correspondence in their L1 phonological representations, which is consistent with previous studies (e.g., Lee et al., 2006; Sugiura, 2006) . However, it might not be immediately clear why orthography would affect pronunciation in a test where the spelling is not provided. Young-Scholten and Archibald (2000) argued that adult learners in a foreign language learning context are likely to have had contact with written L2 words from the beginning of learning and are thus expected to possess orthographic representations for words that they have already stored in their lexicon. Given this situation, such learners tend to access written input and rely on these orthographic representations to pronounce words or to speak in a target language, even when written input is unavailable. This study indicates that the mere repetition of auditory words is only minimally effective in improving schwa quality, suggesting that participants were unable to sufficiently encode the phonetic information available in the auditory input and to restructure the preexisting phonological representation.
The persistence of the repetition effect for final schwa F2 values
An interesting finding regarding the repetition effect on the quality of schwa is that contrary to duration ratio, a persistent repetition effect was found for final schwa (strong-weak stress pattern) under the fiverepetition condition in F2 values. Explaining the finding is somewhat challenging because this result contradicts the persistent effect found only with the initial schwa for duration ratio. However, as argued by Flemming and Jonson (2007) , the final schwa is intrinsically more similar in quality to a full vowel than the initial schwa. Therefore, it can be assumed that even the Japanese participants, whose language does not have a central vowel, were able to easily articulate it. An issue that remains unclear; however, is why the repetition effect was observed only in F2 and not in F1. One of the possible accounts lies in individual variations in the accurate productions of schwa by the participants. Tomita et al. (2010) who investigated the pronunciation of schwa by Japanese learners with sufficient English ability has reported that one learner produced a target-like schwa in terms of F1 but not in terms of F2, while another participant exhibited the opposite pattern. Further research is necessary to fully explain this finding.
Conclusion
Summary of Findings and Pedagogical Implications
By employing the concept of the auditory priming effect, which is widely studied in L1 and L2 speech processing, the current study suggests the importance of reconsidering the value of the repetition of auditory words for L2 pronunciation improvement. The present study particularly focused on how the amount of input (five and ten repetitions) and the quality of input (initial/final schwa, high/low familiarity) influences a learner's sensitivity to the phonetic/phonological information of presented auditory words as well as how these factors facilitate pronunciation learning. The experiment also evaluated the repetition effect, which was observed immediately after practice and was preserved for one week. Thus, this study provided several noteworthy findings, which are discussed in detail.
Immediate auditory word repetition (five and ten times) improved the pronunciation of schwa by Japanese learners of English, particularly in terms of relative duration; however, repeating the target word more than five times did not differentiate the effect. It is unlikely that there is a linear relationship between the number of repetitions and pronunciation. This finding supports previous research on the optimum number of repetitions for improving prosody in terms of pitch range (Hori, 2008; Miyake, 2009b) . From a pedagogical viewpoint, determining the optimal number of auditory word repetitions is meaningful in the pursuit of appropriate pronunciation instruction and learning the schwa sound; however, five repetitions might induce boredom. Therefore, researchers and instructors should develop ways to maintain learner motivation to continue practicing in communicative settings.
Interestingly, the schwa position (word stress patterns) appeared to be related to the persistence of the repetition effect. For the duration ratio, the effect was observed in both initial and final schwas after a 10-minute interval; however, one week later, repetition effectiveness was observed only for the initial schwa, which indicates an exceptional stress pattern for Japanese speakers and shows that it is more difficult for them to acquire than the schwa sound in the final syllable of a word. This finding suggests that a stress pattern that is uncommon to L2 learners may be more strongly embedded and remembered than a common stress pattern learned by auditory word repetition, which is meaningful from a teaching perspective.
The most intriguing finding of this study was that in the durational aspect the generalization of repetition effects for novel words (i.e., unrepeated words) with low familiarity and the initial schwa sound, which are less common features for the participants, occurred one week after the study phase. This finding suggests that the information obtained from auditory input and repetition is gradually included in the language memory and processing system. ESL and EFL teachers should note that the repetitive effect might not appear for new items immediately after practice. Although this finding is limited to English stress rhythms in the present study, if the repetitive effect can be generalized to novel (unrepeated) words in other linguistic aspects, then this is a crucial finding for L2 language learning.
Regarding vowel quality (i.e., F1 and F2), it appeared that mere repetition did not significantly contribute to improving the vowel quality of the schwa sound. Only the F2 value of the final schwa, which was a common stress pattern for Japanese participants, exhibited a persistent effect (one week); however, for the duration ratio, a persistent effect was observed in the initial schwa sound, which was a less common stress pattern for the participants. These asymmetric results may be attributed to the process in which information about phonetic features is stored in the mental lexicon and/or encoded in speech production; the duration ratio is involved in metrical structures accompanying regular and irregular patterns (rules), whereas vowel quality is related to phoneme information and/or movements of articulators, which do not have these patterns.
Notably, the quality of the schwa sound produced by the participants tended to reflect their L1 one-to-one grapheme-phoneme correspondence in the present study, even though orthography was not presented in the practice or elicitation tasks. That is, the participants were less sensitive to formants and thus failed to improve their pronunciation in this respect. Based on the phonetic feature hypothesis proposed by McAllister et al. (2002) , which is mentioned earlier in this paper, since Japanese contains phonemic vowel distinctions regarding length (i.e., long and short), Japanese speakers could have been able to utilize the phonetic feature of duration to produce the reduced English vowels in the manner of native English speakers but may not have been able to use quality information (Lee et al., 2006) .
The method of pronunciation training used in the present study was simple repetition, or implicit learning. Therefore, learners were not explicitly taught in regards to strong and weak vowels in words. To facilitate improvement of the quality of the schwa sound, it may be important to include explicit educational intervention in L2 pronunciation training. One method would be to direct the learners' attention to the coarticulation strategy and to emphasize it during their exposure to spoken English input. The term coarticulation was proposed by Menzerath and Lacerda (1933) to refer to successive sounds articulated simultaneously, which is language-specific. Native speakers of English produce full vowels at the targeted position and leave the unstressed vowels, including schwa (only in the F2 value, Kondo, 2000) , to contextual assimilation. That is, the English schwa sound is coarticulated more strongly with the surrounding segmental sounds than full vowels (Magen, 1998) . Thus, the vowel contrast between full and unstressed vowels plays a crucial role in the coarticulatory pattern of English; however, a study has shown that the F2 values of nonproficient Japanese speakers are quite similar to Japanese vowels (Kondo, 2000) without allowing schwa to be assimilated to the neighboring segments. Japanese speakers of English should therefore learn an English coarticulation pattern by contrasting targeted full vowels and targetless (assimilation to surrounding segments) schwa in their pronunciation. A teaching method based on coarticulation could draw the participants' attention to the visual information necessary for articulating schwa by showing internal articulatory movements, for example, high-low (F1) and front-back (F2) movements of the tongue on the computer screen, to improve the quality of schwa. Future studies are necessary to investigate the effectiveness of this approach.
Limitations and Future Studies
There are several limitations that call for further studies. Firstly, while the present study examined acoustic properties to investigate the improvement of pronunciation, it would also be informative to take speech intelligibility into account, considering the optimal goal of speech communication (Saito & Lyster, 2012) . Secondly, the present study was limited to students at the low intermediate level (CEFR A2 level). Studies with learners at different levels will provide a better understanding of the repetition effect on improving L2 pronunciation of schwa. Moreover, further research is necessary to consider what specific linguistic features (e.g., prosodic information, rhythmic patterns) and under what conditions (e.g., speech rate, quality of voice) the phonetic information of auditory input are incorporated into phonological representations during auditory word repetition tasks. Such studies of pronunciation from the perspective of speech processing will provide further understanding of L2 phonological development, as well as more effective methods of teaching L2 pronunciation.
